The questioned document examiners usually encounter cases related to handwritten documents for the determination of their source, origin, and authenticity. The legal documents usually involve handwriting or signatures executed using ballpoint pens. These components of the ballpoint pen inks can be analysed, both qualitatively and quantitatively, using several techniques. The present study aimed to analyse the red and black ballpoint pen inks using high performance thin layer chromatography and gas chromatography-mass spectrometry techniques. All samples have been completely differentiated using high performance thin layer chromatography. The discrimination potential of gas chromatography-mass spectrometry for red and black ballpoint pen inks was found to be 32.85% and 63.58% respectively. Classification of inks has been performed in two levels, that is, primary differentiation on the grounds of major components of the ink and subsequent differentiation on the basis of minor components. The validity of technique was tested in terms of repeatability and reproducibility. Reproducibility has been determined by repeating the procedure of repeatability on different days. The results have been evaluated in terms of relative standard deviation (RSD), which is <2% for both repeatability and reproducibility. Thus, the present study was aimed at analysing red and black ballpoint pen inks of Indian origin using HPTLC and GC-MS techniques. This study also verifies the validity of the used techniques in terms of repeatability and reproducibility.
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Introduction
Most legal documents such as financial wills, prop- HPTLC reported high discrimination potential to dif- 
HPTLC Method
The samples were analysed using a HPTLC unit (CA- nm, 415 nm, and 366 nm (in the ultraviolet region).
GC-MS Method
The analysis of the methanol ink extracts no older than 1 month was performed using a Shimadzu GC-MS QP2010
Ultra interfaced with an AOCi auto injector. The column incorporated within GC was Rtx5sil MS (midpolar-1, 4bis
(dimethylsiloxy) phenylene dimethyl polysiloxane) of dimension 30 m × 0.25 mm × 0.25µm. Other parameters included Helium as carrier gas: column flow of 1.40 mL 
Results
Seventy-eight red and black ballpoint pen ink samples were analysed using HPTLC and GC-MS.
HPTLC

Analysis of red ballpoint pen inks
In solvent system I, 40 red ballpoint pen inks were 
Analysis of black ballpoint pen inks
In solvent system I, 38 black ballpoint pen inks were 
Figure 2-Schematic presentation of differentiation of red ball point pen inks in solvent I and solvent system II.
A Differentiation of Red and Black Ballpoint Pen Inks Using High Performance Thin Layer Chromatography and Gas Chromatography Mass Spectrometry.
GC-MS
Analysis of red ballpoint pen inks
Total ion chromatogram of red ballpoint pen inks is shown in Figure- 
Analysis of black ballpoint pen inks
Total ion chromatogram of black ballpoint pen inks is
shown in Figure- 
Figure 5-Total ion chromatogram of red ball point pen ink (R8) representing (A) 2 mercapto ethanol (B) 1,2,3 propanetriol (C)
Pentanoic acid, methyl ester. 
Figure 6-Total ion chromatogram of black ball point pen ink (BL 23) representing (A) 3,3 dimethoxy-2-butanone (B) 2 ethyl hexanol (C) 3 (hydroxyl-phenyl-methyl) 2,3 dimethyl octan-4-one (D) 2 Phenoxyethanol.
2-Pyridine carboxylic acid, 6 amino 11.39 R 33 4-methyltetrahydropyran 4.335 
Groups (n) Major Components
Sample Id Minor components RT (mins) 
Repeatability, Reproducibility and Discrimination Potential (DP)
The validity of the above technique was proved by studying its repeatability and reproducibility. Repeatability was determined by analysing the chosen ink samples using HPTLC and GC-MS nine times. Reproducibility was determined by repeating the procedure of repeatability on 3 different days. The results were evaluated in terms of relative standard deviation (RSD), which is <2% for both repeatability and reproducibility (Table-4 ).
Discrimination potential is defined as the ability of technique to differentiate red and black ballpoint pen inks.
It is calculated as:
DP = Number of discriminated pairs x 100
Number of possible pairs
Here, the number of pairs calculated = n (n-1)/2 A previous study reported 77.27% discrimination potential of HPTLC in differentiating red ballpoint pen inks [12] . In the present study, complete differentiation has been achieved by HPTLC. Similarly, the potential of GC-MS in differentiating red and black ballpoint pen inks has been found to be 32.85% and 63.58%, respectively. This difference may have occurred due to the diversity of components added to black inks as compared to the red ballpoint pen inks. The high discrimination potential of both techniques makes them reliable for the analysis of ink evidence encoutered in various types of civil and criminal cases.
Conclusion
HPTLC and GC-MS were found to be efficient techniques in discriminating 40 red and 38 black ballpoint pen inks of Indian origin. All the samples were completely differentiated using HPTLC. GC-MS discriminated red and black ballpoint pen inks with discrimination potential of 32.85% and 63.58%, respectively. Classification of inks was performed on two levels, i.e. primary differentiation on the grounds of major components and subsequent differentiation on the basis of minor components. Maximum differentiation was achieved on the basis of minor rather than major components. The techniques were tested in terms of repeatability and reproducibility for R15 and R24.
The obtained results will hopefully assist questioned document examiners in the analysis of alterations in real case scenarios. Future research may involve the analysis of different types of inks and their colours.
